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Abstract 
In the classical Ramsey Model, temporary increase of government expenditure will raise real interest rate. By using the data of 
American expenditure on national defense and the interest rate of 10-year constant maturities from 1959 to 2002, the paper points 
to the conclusion from the empirical analysis of positive correlation between government expenditure and real interest rate that 
temporary increase of government expenditure will surely lead to a rise in real interest rate. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
In Ramsey Model——the macroeconomics classical model, there is a conclusion in which the temporary increase 
of government expenditure can cause the rate of real interest rise. Many economists have attempted to prove the 
reliability of the conclusion through the empirical analysis. In these literatures, the most famous one is from Robert 
Barro, a professor of economics at Harvard University, who did a research by using the England data from the years 
1701 to 1918 (Barro,1987). Barro obtained the result which extremely tallied with the theory. By using the research 
method of Barro, and using the postwar US data to do the research, we have also obtained the result which the theory 
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tallies with the fact. In order to make a further exploration to the Rumsey Model’s validity, we have carried on an 
empirical analysis based on the Chinese dada form 1989 to 2004, and finally discover that this model conforms to 
China’s situation very well. So this research may afford the reference suggestion to the Chinese financial policy. 
Firstly, the paper carries on some brief elaborations to the fundamental assumptions and the main conclusion in 
Ramsey Model. Then it makes an appraisal to the theoretical contribution of this model, and explains the formation 
mechanism of the relationship between the government expenditure and the rate of real interest in theory. Thirdly, 
from the empirical analysis aspect, it carries on a careful analysis of time series to the American data of 44 years and 
the Chinese data of 16 years, and establishes the model which tallied with the theory. In the conclusion part of the 
paper, the authors propose another symmetrical conclusion of Rumsey Model, which there is not a clear conclusion 
about the research that the permanent change of the government expenditure doesn’t affect the rate of real interest, 
and points out that this should become a research direction of the domain of public finance. 
2. Ramsey Model and its main contribution 
Frank Plumpton Ramsey (1903~1930), who made a remarkable contribution to the mathematical economics, 
published the paper of “A Contribution to the Theory Taxation” in the Economic Journal in March 1927, which laid 
a foundation for the modern theory of commodity tax revenue, and furthermore published the paper of “A 
Mathematical Theory of Saving" in the Economic Journal in December 1928, which established the foundation of the 
optimal accumulation and the optimal growth theory, and was also regarded as "one of the most remarkable 
contributions to the logarithm principle throughout economic history" by John M. Keynes. Ramsey inferred out the 
simple principle of the optimal saving in national income, namely, the rate of saving multiplied by the marginal utility 
of money should always be equal to the amount by which the total net rate of enjoyment of utility falls short of the 
maximum possible rate of enjoyment.† Because Keynes once afforded a non-technical proof for the conclusion, this 
principle is also called "the Keynes--Ramsey principle". 
In the paper of "A Mathematical Theory of Saving", Ramsey designed the optimization problems under the 
following simplifying assumptions: (1) In a community which has one kind of commodity, there is an output flow 
brought out by labor which is the stock of capital, while one part of the output will be used for expenditure, the 
remained part will be used for saving, thus the stock of capital will be added. (2) The goal of the economic subject is 
to obtain the biggest actual aggregate utility U(C), namely “the rate of enjoyment”, and the rate of enjoyment equals 
to the utility obtained from consumption minus the pain obtained from work or disutility V(L). (3) There is a maximum 
obtainable rate of enjoyment or utility, which is called for short bliss or B, which means the extreme satisfaction of 
the capital or the consumption. In addition, in order to solve the problem clearly and definitely, Ramsey had also made 
three very important hypotheses: without the growth of population, without new inventions or improvements in 
organizations, without considering the discount of utility. Under the condition of these supposition premises, Ramsey 
proved that people save enough to finally get the extreme happiness, or what people desire is to reach or approach 
bliss. Therefore, this optimization problem is to minimize the integral of the difference between "bliss" and 
"enjoyment" throughout time: 
                   > @³f 0 d)()(min tLVCUB                          (1) 
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According to the equation (2), the integration variable of the equation (1) may be changed to K, and then the 
equation can be changed as follows: 
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† F . P . R amsey, 1928, A  M athematical T heory of S aving, the Economic Journal, V ol. 38, Issue 152, 543-
559. 
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Because C and L are the arbitrary functions of K, it only needs to make the partial derivative to be zero in order to 
seek the minimum value of the integrand. To differentiate C: 
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The left side of the equation (4) is the rate of investment or the rate of saving, and the right side is that bliss minus 
the additional rate of enjoyment, and then divided by the marginal utility of consumption. Thus the entire equation (4) 
is the Keynes -- Ramsey principle. 
Ramsey utilized this principle to infer that the optimal rate of saving should "greatly surpass the rate of saving 
which people usually proposed". Whether this conclusion can stand firmly or not, and whether the optimal rate of 
saving is too sensitive or not regarding to the simplification of the three hypotheses, has already become one of the 
subjects which later economists discussed. This principle has two remarkable characteristics. One is that the rate of 
saving doesn’t depend on the production function, and the other is that the rate of saving doesn’t rely on the rate of 
interest, except when it is zero in fact. Ramsey clearly pointed out in his paper that, the motive of stimulating the rate 
of saving is the demand of consumption in future, and the rate of interest is determined by the present stock of capital. 
This conclusion is certainly untenable in the more general model when considering the discount for utility. 
Although the form of Ramsey Model is simple, the reliability of the conclusion needs empirical test, and yet its 
contribution to Modern Macroeconomics actually cannot be underestimated. 
Firstly, Ramsey Model used the technique of dynamic optimization for the first time to discuss the maximization 
problems of "inter-temporal welfare". Ramsey regarded the allocation of inter-temporal resources as the crucial 
problems in his study. He discussed how many shares of the national output should be delivered to consumption at 
any time so as to produce current utility, and how many shares should be delivered to saving and investment to enhance 
the output and consumption in future, so as to produce future utility. Ramsey dealt with the inter-temporal utility 
function by using the tool of integration, thus penetratingly summarized the utility appraisal of the economic subject 
in the continuous time path. From then on, the economists have widely used and developed this method when it came 
to the appraisal problems of processing the utility function of continuous time. 
Secondly, Ramsey Model based the macroscopic analysis on the microscopic, which manifests the close 
combination of the macroscopic with the microscopic. Ramsey Model at first established the utility function and the 
production function of the microscopic economic subject under a certain assumption, and discussed the problems of 
how to determine the time path of the macroscopic economy while in the optimization process of the behavior of the 
microscopic economic subject. In other words, the optimal alternative process of the microscopic economic subject 
has determined the development tendency of the macroscopic economy in Ramsey Model, The thought of building a 
mathematical model and the research technique have had the profound influence to the modern macroscopic economic 
analysis.  
Thirdly, Ramsey took the lead in using at that time the frontier mathematical analysis method----calculus of 
variations----in the process of the long-term dynamic analysis to human’s behavior of consuming and saving, and 
obtained the "the Keynes--Ramsey rule" which determined the rate of saving, therefore he laid a foundation for 
studying the optimal accumulation and the optimal growth, and established the constructive theory of saving and the 
rate of interest. In addition, Ramsey also used the phase diagram to carry out the graph analysis in order to describe 
more intuitively the dynamic process of the economic optimization. The phase diagram demonstrates the solution of 
the dynamic differential equation and its stability with the phase graph, which may intuitively demonstrate the complex 
economic dynamic process through the coordinate graph, thus it is helpful for people to get a better understanding of 
the relationship between complex economic variables, and to discuss intuitively the stability of the dynamic economic 
variables. 
The above analysis methods that Ramsey synthetically utilized have already become the essential methods widely 
used in the macroeconomic dynamic analysis. Although Ramsey Model still tends to be static state finally, yet it makes 
the analysis of the non-static time path of capital accumulation possible. Therefore, this model symbolizes the 
significant progress in the classical method of static state analysis. 
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3. Theoretical analysis of Ramsey Model  
Now, many economists believe that, when it came to the theoretical analysis framework, the dynamic general 
equilibrium model, which is based on Ramsey Model and has taken the place of IS-LM model, has become the main 
research paradigm in modern macroeconomics. It could be said that, if unable to understand Ramsey Model, it is 
impossible to understand modern macroeconomics. 
In Ramsey Model that does not include the government behavior, the dynamic accumulation equation of capital 
and consumption is as follows: 
( ) ( )k f k c n g kt t t t     
/ ( ) /c c f k n gt t t E Tc     
The k, c, n, g, β, θ respectively stand for capital, consumption, increment rate of population, increment rate of 
technology, the rate of discount for utility, the coefficient of relative risk aversion.  
In the phase diagram of (C, K) the plane 
 
           Fig. 1. the Dynamic Change of Capital vs. Consumption 
 
But if the government behavior was taken into consideration, it is possible to know that the equation of dynamic 
accumulation of consumption hasn’t changed after analyzing the above two equations, it is still as follows:  
/ ( ) /c c f k n gt t t E Tc     
While the equation of dynamic accumulation of capital has been changed to the following form: 
( ) ( )k f k c n g k Gt t t t t      
Hereinto, 
Gt  stands for quantity of the government purchasing for per unit effective work. Thereupon the line 
of 
0kt   moves downward accordingly, and the phase diagram turns to be the following graph: 
C 
K 
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            Fig. 2. the Influence of Government Expenditure on Economy  
 
Now, we analyze the economic influence made by the temporary increase of the government expenditure. It is 
supposed that the government expenditure increases from 
Gl  to 
G
h  at the time of 1t , and the government 
expenditure drops from 
G
h  to 
Gl  at the time of 2t . Because of the increase of the government expenditure, the 
consumer would reduce its quantity of consumption. On the other hand, because the consumer anticipates that the 
government expenditure will certainly drop in the future, correspondingly, its consumption will certainly increase in 
future; therefore, the quantity of consumption dropped at the time of 1t  will certainly be smaller than 
G
h -- lG . The 
detail is shown as Figure 2. 
 
Fig. 3. the Influence of the Government Expenditure on Real Interest Rate 
On the other hand, the temporary increase of government expenditure can also affect the rate of real interest. We 
note that the government expenditure drop at the time of 2t , and the expenditure will increase, thereupon the 
consumer's capital reserve 
kt  reduces at this time. According to the macroeconomics knowledge, we can get
C 
K 
E 
R 
T T1 T2 
G 
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( )R f kt tc , but the new classical production function ( )f kt  is a concave function, therefore Rt inevitably rises 
at the time of 2t . It needs to pay attention to the fact that the rational consumers won’t make the stock of capital 
change suddenly, and they would gradually decrease its capital storage quantity before the time of 2t , thus the rate of 
real interest would slowly rise before the time of 2t , and
Rt  would achieve the maximum value at the time of 2t , and 
then 
Rt  drops gradually and restores to the original level. Figure 3 makes a more exhaustive description about this 
dynamic process. 
4. Empirical test of Ramsey Model by building a mathematical model 
From the theoretical analyses of the former part, we may draw the following conclusion. In a typical Ramsey 
economy, the temporary increase of the government expenditure would inevitably cause the real interest rate to 
increase, and there is a positive relationship between the two variables. Now, we use the data of both America and 
China to validate this conclusion. 
4.1. Using the American data to validate Ramsey Model  
In the process of modeling, it is a very difficult problem about how to choose the index of the temporary 
government expenditure. Given that US’s participating in a series of wars after "World War II", and this part of 
government expenditure meets the "temporary" request. People don’t know when the war would erupt, but they know 
that the war absolutely cannot continue forever, and the war would come to an end one day, therefore we select the 
American national defense (ND) to be the index of the temporary government expenditure. In the process of modeling, 
after we carry on the standardization to the ND, and suppose that the ND in the year of 1996 is 100, we compare the 
ND of other years to the ND of the year of 1996, and adjust the ND of other years according to the ratio, thus obtain 
"the standard" data of the temporary government expenditure (referring to Table 1). 
 
           Table 1: ND and Real Interest Rate 
Year ND RIR (%) DND DRIR (%) 
1959 17.8 4.33   
1960 17.9 4.12 0.1 -0.21 
1961 18.1 3.88 0.21 -0.24 
1962 18.4 3.95 0.37 0.07 
1963 18.9 4 0.46 0.05 
1964 19.5 4.19 0.55 0.19 
1965 20 4.28 0.56 0.09 
1966 20.7 4.92 0.65 0.64 
1967 21.3 5.07 0.65 0.15 
1968 22.5 5.65 1.19 0.58 
1969 23.7 6.67 1.22 1.02 
1970 25.4 7.35 1.71 0.68 
1971 27.7 6.16 2.26 -1.19 
1972 30.6 6.21 2.92 0.05 
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1973 32.9 6.84 2.3 0.63 
1974 35.8 7.56 2.91 0.72 
1975 39.2 7.99 3.42 0.43 
1976 42 7.61 2.78 -0.38 
1977 45.2 7.42 3.13 -0.19 
1978 48.3 8.41 3.14 0.99 
1979 52.2 9.44 3.9 1.03 
1980 57.9 11.5 5.74 2.02 
1981 63.7 13.9 5.78 2.45 
1982 68.4 13 4.73 -0.91 
1983 70.9 11.1 2.42 -1.9 
1984 76 12.4 5.09 1.34 
1985 77.2 10.6 1.29 -1.82 
1986 77.3 7.68 0.03 -2.94 
1987 78 8.39 0.74 0.71 
1988 79.7 8.85 1.64 0.46 
1989 81.9 8.49 2.26 -0.36 
1990 84.6 8.55 2.66 0.06 
1991 87.7 7.86 3.13 -0.69 
1992 90.8 7.01 3.05 -0.85 
1993 92.5 5.87 1.7 -1.14 
1994 94.5 7.09 2.03 1.22 
1995 96.9 6.57 2.4 -0.52 
1996 100 6.44 3.12 -0.13 
1997 101 6.35 1.41 -0.09 
1998 102 5.26 0.81 -1.09 
1999 104 5.65 2.23 0.39 
2000 108 6.03 3.08 0.38 
2001 109 5.02 1.74 -1.01 
2002 112 4.61 2.85 -0.41 
Data resource: the above data all come from the American Economic Report of the President (2003). 
Note˖DND (t) = ND (t) – ND (t-1) 
DRIR (t) = RIR (t) –RIR (t-1) 
The selection of real interest rate (RIR) is similarly extremely difficult. After some attempt, we select real interest 
rate of the American 10 years’ time constant maturities as the index of real interest rate. We select such index for two 
reasons. On the one hand, real interest rate should already remove the influence of all kinds of stochastic factors, and 
it is an index that reflects the economic condition of the basic aspects, while each kind real interest rate of the short-
term bill, which is easy to be influenced by the stochastic factors that are obviously not conformed to this requirement; 
On the other hand, the data of the 10 years’ constant maturities are most comprehensive in the data resources of the 
longer term of bills that the US official has announced. 
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By the means of ADF-Test to analyze the American data from 1959 to 2002, we discover that the ND isn’t 
stationary, so we use the first order difference method, and then obtain a group of new data DND.  
DND (t) = ND (t) – ND (t-1) 
DND is the process of AR (1), its equation shows as follows:  
DND (t) = 0.9232 + 0.6373 DND (t-1) + ε (t) 
        (0.3403)     (0.1235) 
    In the model, 
2 0.4250R   
The variable of DND reflects "the changed part" of the temporary government expenditure.  
Then, we use the first order difference to the long-term RIR, and obtain the "the changed part" of the RIR (DRIR).  
The relationship between DND and DRIR is as follows: 
Fig. 4. the Change Trend of the ND vs. RIR  
From Figure 4, it isn’t so difficult to discover that each rising of the RIR is corresponding to the rise of ND on a 
large scale. There are eight wave ridges in Figure 4, which happened to correspond to the eight main wars in which 
US participated from the years of 1959 to 2002. The survey of these 8 wars is in Table 2. 
     Table 2. the Changed Peak Value of the DN vs. RIR 
Time of peak 
value  Name of each war DND˄peak value˅ DRIR 
1970 Vietnam War 1.71 0.68 
1975 
The Fourth Middle East 
War  3.42 0.43 
1981 The Fifth Middle East War 5.78 2.45 
1984 Star War’s Plan 5.09 1.34 
1991 Gulf War 3.13 -0.69 
1995 
Bosnia and Herzegovina  
War 2.4 -0.52 
1999 Kosovo War 2.23 0.39 
2001 Afghanistan War  1.74 -1.01 
 
Note: Because of the time-lag effect, the year of the DND appearing peak value isn’t necessarily that of DRIR 
appearing peak value, therefore, there are times the peak value of DND appears when the DRIR is negative sometimes. 
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From Figure 4, we can intuitively see that there is an obvious corresponding relationship between the changes of 
ND with the changes of RIR, which just confirms to the conclusion of Ramsey Model. After the econometric analysis, 
we can have a further quantization. After many times of attempt, we discover that the following model fits best. 
DRIR (t) = −0.26899 + 0.67907DND (t) − 0.29714DND (t-1) 
            (0.25343)      (0.11651)          (0.13742)         
− 0.40542DND (t-2) + 0.12987 DND (t-3) + ε (t) 
(0.14703)           (0.11603) 
In the model,  
2 0.55265R    
The coefficient 0.67907 proves that the change of DND truly shows obviously a positive relation with the DRIR, 
but the coefficient 0.12987 also confirms our suspicion, namely, the change of RIR demonstrates not only a positive 
relation with the change of the government expenditure at the time, but also a positive relation with the change of the 
government expenditure earlier. As to why the coefficients of DND (t-1), DND (t-2) are negative, it is very hard to 
explain. 
4.2. Using the Chinese data to verify Ramsey Model 
After using the American data to carry on verification to the conclusion, we use again the Chinese data to carry 
on verification to that conclusion. In consideration of the integrity of the data, we choose the Chinese data from 1989-
2004 in the analysis. In the aspect of choosing the variable, as in the 1990s particularly after 1998, the public fiscal 
expenditure in China has changed quite a lot, therefore, the change of the public fiscal expenditure itself is good enough 
to represent the change of temporary government expenditure. But in the aspect of choosing RIR, we select the interest 
rate of the bearer bonds of 5 years’ period. The main reason is that China’s national bond market had a slow 
development, only the rate of interest of five-year period bond is relatively complete, and it can be used as the index 
of the RIR. In the following analysis, the GE stands for the government expenditure, while RIR stands for real interest 
rate. 
         Table 3. the Chinese Public Fiscal Expenditure and RIR 
year GE(ten billion) RIR(%) DGE(ten billion) DRIR(%) 
1989 28.2378 15   
1990 30.8359 15 2.5981 0 
1991 33.8662 9 3.0303 -6 
1992 37.422 10.5 3.5558 1.5 
1993 46.423 15.86 9.001 5.36 
1994 57.9262 15.86 11.5032 0 
1995 68.2372 15.86 10.311 0 
1996 79.3755 13.06 11.1383 -2.8 
1997 92.3356 8.8 12.9601 -4.26 
1998 107.9818 5.85 15.6462 -2.95 
1999 131.8767 5.13 23.8949 -0.72 
2000 158.865 3.5 26.9883 -1.63 
2001 189.0258 3.14 30.1608 -0.36 
2002 220.5315 2.74 31.5057 -0.4 
2003 246.4995 2.53 25.968 -0.21 
2004 284.8689 4.42 38.3694 1.89 
Data source: The public fiscal expenditure data come from 2005 China Statistical Yearbook, the data of bond interest rate come from The 
Chinese National Debt Market Annual Report in 2004. 
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To study the actually changed part of the GE and RIR, by using the same method of studying the American data, 
we all carry on the first order difference to the GE and the RIR, namely DGE=GE − GE˄− 1˅ˈDRIR=RIR −RIR
˄−1˅Ǆ 
Now, we study the relationship between DGE and DRIR. 
 
 
 
Fig. 5. The Trend of Chinese Government Expenditure and RIR 
 
Figure 5 is a description of the relationship between the GE and the RIR. From the figure, we can discover the 
same trend of the changes of the GE and the RIR. When GE rises, the bond interest rate rises. When GE declines, the 
RIR falls down. We can describe the relationship through the method of econometrics. After calculation and analysis, 
we discover the following model fits the best: 
DRIR= −3.1518 + 0.11683 DGE − 0.10283 DGE˄−1˅+ 0.29548 DGE˄−2˅ 
       㸦1.5187㸧   0.13829㸧    㸦0.2069㸧         㸦0.33274㸧 
       − 0.34370 DGE㸦−3㸧+ 0.11984 DGE㸦−4㸧 
         㸦0.35837㸧         㸦0.26842㸧 
In the model, 
2 0.45159R   
In the model above, from the coefficient 0.11683, we can conclude that the conclusion of Ramsey Model is also 
adapted to China; the increment of the temporary GE will lead to the rise of the RIR. But we also notice that the results 
of both the figure and the model, the accuracy of the conclusion in China is weaker than that in US. The authors think 
there are two main reasons: one is that DGE includes not only the temporary change of GE but also the permanent 
change of GE, while it’s hard to find another variable that could be a better instrumental variable like GE. Therefore, 
the validity of Ramsey Model is weakened. The other is that the current rate of interest in China, especially the bond’s 
interest hasn’t achieved market readjustment, so the rate of interest of the bond isn’t necessity to reflect the true price 
of the bond, and these factors of systems also weaken the validity of Ramsey Model. 
5ˊConclusion 
First of all, this paper briefly elaborates the hypothesis of Ramsey Model, its basic conclusion and important 
contribution to the modern macroeconomics. Secondly, by using the method of the equations of dynamic accumulation 
of consumption and capital in Ramsey Model, we discuss the origin of the positive relationship between the temporary 
change of the government expenditure and the real interest from the theoretical perspective. Thirdly, by using 
instrumental variable method, we study the relation of the ND and the rate of interest of ten-year’s term bond of US 
from the 1959 to 2002. By using the Chinese data from 1989 to 2004, we validate the conclusion. The data of the two 
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countries both support the conclusion, i.e. the temporary increase of the government expenditure can raise the real 
interest rate. 
From the present literatures, the research conclusion of the relationship between the temporary increase of the 
GE and the RIR is already extremely clear, that is to say, the conclusion of Ramsey Model is correct, which the 
temporary increase of the GE truly raise the RIR. However, in the real world, because the fluctuation of the GE is very 
huge, it is very difficult to find an appropriate index about the permanent increase of the GE, therefore, another 
symmetrical conclusion in Ramsey Model, which there is not a clear conclusion about the research that the permanent 
change of the GE doesn’t affect the RIR, perhaps this should become a research direction of the domain of public 
finance. 
However, it needs to point out that there is a very important policy implication of the Chinese economic 
development made by the conclusion of Ramsey Model. Almost all macroscopic economics textbooks would make 
mention of the "extruding effect" of the GE, the proof of which usually utilizes the traditional IS-LM model. But 
Ramsey Model makes a careful analysis and argument of the “extruding effect” of the GE from the view of 
microcosmic individual, which brings out a deep understanding of the “extruding effect” and the positive public fiscal 
policy. It is worth mentioning that after carrying out the positive public fiscal policy for continuous seven years from 
1998 to 2004, China has adjusted the policy in 2005 to a prudent public fiscal policy. The reason may lie in the 
realization of "double blade sword" effect of the GE by the Chinese government. Ramsey Model may afford a good 
reference for the adjustment. 
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